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(57) The invention provides a method of and an ap- 
paratus for cultivating a cell or tissue capable of prevent- 
ing the cell or tissue from being contaminated and real- 
izing an efficient in vitro culture. The method of and the 
apparatus for cultivating a cell or tissue comprise install- 
ing a culture position (culture chamber) under an envi- 
ronment that is arbitrarily controlled such as an environ- 
ment mimicking the living body, supplying a culture me- 
dium to the cell or tissue while the cell or tissue is held 
at the culture position and cultivating the cell or tissue 
at the culture position that is under the ideal environ- 
ment thereby preventing the cell or tissue from being 
contaminated and realizing an efficient in vitro culture. 
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Description 

TECHNICAL FIELD 

[0001] The invention relates to a culture technology of a cell ortissue employed by a tissue engineering that is applied 
to a cell or tissue engineering or genetic treatment, particularly to a method of and an apparatus for cultivating a cell 
ortissue (hereinafter referred to as culture method and culture apparatus) for use in an in vitro culture of a celt ortissue 
that is needed for restoring a damaged tissue of human body. 

BACKGROUND ART 

[0002] There are following methods for restoring a damaged tissue or a pathogenic part of a living body. The first 
method is to substitute the damaged tissue or pathogenic part for materials other than a living body such as plastic, 
metal, ceramic as restoring means of the damaged tissue or the pathogenic part. As substitutable materials, there are 
ceramics and stainless steel for bones, a polyethylene resin for joints, and a vinyl resin for blood vessels. Second 
method is to substitute the damaged tissue or pathogenic part for parts of other animals or the different position of the 
living body. As the substitutable tissue in the second method, there are, for example, skins. The third method is to 
transplant of internal organs of other people. 

[0003] In the first method, there is a drawback that the materials other than the living body such as plastic, metal, 
ceramic need to be substituted periodically by others when they are worn or consumed or materials separated from 
the materials other than the living body by the wear thereof affects adversely on the living body. Further, in a blood 
vessel made of a synthetic polymer, there is a report that an interior of the blood vessel is clogged when it is used for 
a long period of time. In the third method, if there is no donor for supplies his or her internal organs to be transplanted, 
it is impossible to carry out the third method. Even if the third method is carried out, there still remains a problem of 
immunological rejection between internal organs of two people. 

[0004] Accordingly, a method of restoring a damaged tissue or a pathogenic part of a living body that is expected to 
be carried out is to substitute the damaged part of a cell or tissue by a cell or tissue that is obtained by cultivating a 
cell or tissue in vivo or in vitro. It is reported in current researches that there is a possibility in many tissues such as 
skins cartilage, bones, blood vessels, livers, and pancreas. If a cell or tissue derived from a living body is cultivated 
inside or outside the living body of a patient, and the cell or tissue obtained by the culture is applied to the restoration 
of a damaged part, a tissue can be regenerated in the body, and further the tissue applied to the restoration would 
have gene of the patient per se, there does not occur immunological rejection, and further, a chemical substance such 
as synthetic polymer other than a living material does not adversely affect a living body, thereby realizing an ideal 
treatment. 

[0005] There has been proposed and disclosed as a technology of this type in Japanese Patent Laid-Open Publica- 
tion No. 9-313166 entitled "DEVICE FOR CULTURING CELL". This technology needs to disassemble into each part 
every culture, to clean, to sterilize, and then reassemble the apparatus, resulting in a risk of contamination by bacteria 
after sterilization. Although each part of the apparatus can be assembled for preventing contamination by bacteria so 
as to perform a sterilization treatment by an autoclave (absolute pressure 2 atm. at 121°C), this technology can not 
be employed in view of the contamination by bacteria because a pump and a pressure sensor include many electronic 
devices, a specific resin and oil. Accordingly, parts of the pump and pressure sensor are disassembled while only a 
passage through which a culture medium passes is taken out and is sterilized by chemicals, and other parts are ster- 
ilized by the autoclave, thereafter the pump and pressure sensor are assembled together with the apparatus, resulting 
in much labor and the increase of risk of contamination by various bacteria. Further, in the culture using an incubator 
(culture vessel), a pump or a controller is subjected to an adverse affection by a temperature or humidity, and also all 
the devices can not be accommodated in the incubator having a limited capacity. Accordingly, it is necessary to as- 
semble the culture apparatus in a state where the incubator communicates with an open air for allowing piping, a power 
supply and a controlling electric wire to pass through a through hole of the incubator. Still further, since a pressure is 
applied to an entire circuit of a culture medium, the entire culture apparatus including parts of the pump and piping 
shall have a pressure resistant construction. As a result, it is very difficult to place the apparatus at high pressure e.g. 
not less than 1MPa, and even if a high pressure is applied to the apparatus, the apparatus shall be high pressure 
resistant as a whole, resulting in a problem of high cost. 

[0006] More still further, there is a research reported by Dr. Shuichi MIZUNO et al. in Harvard Medical School that 
a tissue of a living body is cultivated by applying a pressure to the living body as physical stimulation (see Materials 
Science and Engineering C6 (1998) 301-306). According to this research, a culture apparatus is formed as illustrated 
in Fig 26. Each constituent and function thereof in this culture apparatus is described now. 

[0007] A pump 400 has a role to circulate a culture medium 402 therein and to pressurize the interior of a culture 
chamber 404 to supply a hydraulic pressure to a cell 406 or tissue, and it is formed of a pump for use in a liquid 
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chromatograph, and further it has a control unit built therein for flowing a given amount of fluid. 
[0008] A back pressure regulator 408 allows a pressure to escape through a valve 410 by opening the valve 410 
when a pressure exceeds a pressure to be applied to the cell 406 or tissue exceeds so as to hold the pressure inside 
the culture chamber 404 constant. The back pressure regulator 408 is selectively provided in a circuit 426, described 

5 later, depending on a pressure to be applied to the cell 406. 

[0009] The culture chamber 404 forms a space for cultivating the cell 406 or tissue, and a scaffold 41 2 formed of a 
sponge made of a collagen in which the cell 406 or tissue is transplanted is accommodated in the space. The cell 406 
or tissue grows on the scaffold 412 formed of a sponge made of a collagen. A pressure sensor 41 4 detects a pressure 
inside the culture chamber 404 while a pressure monitor 416 indicates the pressure detected by the pressure sensor 

10 414. The pump 400 is controlled by the pressure detected by the pressure sensor 414 and it stops its operation when 
the detected pressure increases to a large extent. 

[0010] A culture medium tank 41 8 stores therein the culture medium 402 adapted for the cell 406 or tissue to be 
cultivated and the culture medium 402 comprises e.g., amino acids, saccharides, salts, and so forth. The culture me- 
dium tank 418 communicates with an open air through a vent tube 422 that penetrates a closed stopper 420, and a 

15 vent filter 424 prevents the culture medium 402 from being contaminated by an open air. 

[001 1] The culture apparatus is accommodated in an incubator forming a hermetically sealed space. The incubator 
is a space for forming a pleasant cultivating atmosphere and it is maintained under the optimum temperature, humidity 
and gas concentration (oxygen and carbon dioxide) that is optimized for the cell or tissue. The culture medium 402 is 
filled in the circuit 426 by the pump 400 and circulated therein. The oxygen and carbon dioxide are soluble in the culture 

20 medium 402 after they pass through the vent filter 424, and the culture medium 402 is kept under appropriate oxygen 
concentration and carbon dioxideconcentration. When the pump 400 is operated, a pressure insidethe culture chamber 
404 gradually increases. When the pressure exceeds a given value set by the back pressure regulator 408, the valve 
41 0 of the back pressure regulator 408 is opened to discharge the culture medium 402 so that a pressure of the culture 
medium 402 is decreased by the amount of the discharged culture medium 402, thereby shutting the valve 410. With 

25 the repetition of these operations, a fixed pressure is maintained, and at the same time a fixed amount of the culture 
medium 402 is repetitively circulated. The ceil 406 or tissue grows while it is subjected to such pressure application 
stimulation. 

[0012] Although a fixed pressure is maintained in this culture apparatus, the increase and decrease of a pressure 
can not be repeated. Since the increase of the pressure is made by the pump 400, the rate of increase of the pressure 

30 is determined by the capacity of the pump 400. If the amount of circulation of the culture medium 402 increases, the 
rate of increase of the pressure becomes fast, while if the amount of circulation of the culture medium 402 decreases : 
the rate of increase of the pressure becomes slow. Accordingly, if a pressure cycle is continuously repeated, there is 
a method of providing a bypass 432 having a bypass valve 428 and an orifice valve (needle valve) 430 in parallel with 
a back pressure regulator 408 as shown in Fig. 27 to decrease the pressure. In this method, although the pressure 

35 can be decreased, there is a drawback that it takes a long time for one cycle, and the setting of a repetitive cycle and 
the circulation amount of the culture medium 402 can not be independent from each other and further the regulation 
of the orifice valve 430 is finely controlled so as to render the rate of decrease of the pressure unstable. 
[0013] Since the culture apparatus has to be assembled after each component thereof is disassembled : cleaned 
and sterilized every performance of culture, there is the risk of contamination by the bacteria after sterilization. Although 

40 it is possible to subject the assembled culture apparatus to a sterilization treatment by an autoclave (absolute pressure 
2 atm. at 121°C), the pump and pressure sensor can not be sterilized because they include many electronic devices, 
specific resin and oil. Accordingly, under the existing circumstances : only a passage through which the culture medium 
402 passes is taken out while each part of the pump and pressure sensor is disassembled, and each part is subjected 
to a sterilization by chemicals. The other parts of the pump and pressure sensor are subjected to a sterilization by an 

45 autoclave, then the pump, pressure sensor and the culture apparatus are respectively assembled, resulting in much 
labor and a risk of contamination by various bacteria. 

[0014] Although oxygen and carbon dioxide are taken in the culture medium 402 through a filter, they are directly 
taken in from an ambient atmosphere, resulting in a risk of the contamination by bacteria. Further, although the culture 
apparatus is accommodated in an incubator a pump unit and a pressure monitor is susceptible to a temperature and 
50 humidity so that the pump unit and pressure monitor are hardly accommodated in the incubator in view of their capac- 
ities. Accordingly, it is necessary to assemble the culture apparatus by allowing a tube for piping, a power supply and 
an electric wire for controlling to pass through a through hole of the incubator so that the inside and outside thereof 
are connected to each other. 

[0015] Since a pressure is set by selecting a back pressure regulator depending on a set pressure, when the setting 
55 of a pressure is changed, the back pressure regulator is replaced by another one, resulting in much labor and a risk 
of contamination by various bacteria. 

[001 6] When a pressure cycle is changed, a pressure at a low pressure side can not be set in the culture apparatus 
in Fig. 27, but the pressure can be regulated by the orifice valve 430 so that the set pressure is varied by the quantity 
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of circulated flow through the pump 400 even If a pressure can be regulated to some extent by the orifice valve 430. 
[0017] As set forth above, in the conventional method of cultivating a cell or tissue of a living body, the cell is cultivated 
under a condition where a temperature, a humidity, a concentration of carbon dioxide and a concentration of oxygen 
are optimally set in an incubator. In such a culture in the incubator, it is a two-dimensional culture on a laboratory dish, 

5 and a three-dimensional culture has been now tried. Further, in such a culture method, a culture medium, cell or tissue 
that is exposed by an open air is prone to contamination by bacteria, so that stable culture is hardly performed. 
[001 8] Further, since the cell of a living body is always placed under physical stimulation and the stimulation indirectly 
affects the control of metabolism of a cell, a cell division cycle, a concentration gradient and dispersion of living body 
stimulation, and hence stable culture is hardly realized, and further, it has been hard to set or change the amount. 

10 variation, cycle of the physical stimulation. More still further, delicate set and regulation of a pressure are needed in 
culture, which requires a skill of a person in charge of culture. 

[0019] Accordingly, in the conventional in vitro culture of a living cell, it takes time for a cell to grow to the same size 
as a cell to be restored, and hence there occurs a case where a normal culture is marred by contamination. 
[0020] It is therefore an object of the invention to provide a method of and an apparatus for cultivating a cell or tissue 
15 capable of preventing the ceil or tissue from being contaminated, and of realizing an efficient in vitro culture. 

DISCLOSURE OF THE INVENTION 

[0021] According to the invention, a culture position (culture chamber) is installed under an arbitrarily controlled 
20 environment such as an environment mimicking the living body, a culture medium is supplied while a cell or tissue is 
held in the foregoing culture position so that the cell or tissue is cultivated at the culture position under an ideal envi- 
ronment, whereby the cell or tissue is prevented from contamination and an efficient in vitro culture thereof can be 
realized. 

[0022] To achieve the above object, the method of cultivating a cell or tissue according to the first aspect of the 
25 invention is characterized in comprising holding a cell or tissue of a living body at a specific culture position, setting 
the cell or tissue under an environment mimicking the living body, supplying a culture medium to the cell or tissue, and 
cultivating the cell or tissue at the culture position. 

[0023] That is, it is ideal that a tissue necessary for restoring a damaged tissue of a living body and so forth is used 
by a cell or tissue of the same living body. It is necessary to cultivate to perform an in vitro culture using a cell or tissue 

30 collected from the living body to realize it. It is important for the in vitro culture that the contamination is prevented and 
a culture environment likewise a living body, namely, an environment mimicking the living body is artificially realized. 
For this end, a culture position is set under an environment formed artificially and the cell or tissue is held at a culture 
position and the culture medium is supplied to realize the in vitro culture of the cell or tissue. An environment means 
living condition including internal or external stimulation needed for maintaining a life healthy on the basis of a living 

35 body formed of a cell or tissue. The culture medium includes a nutrition source needed for maintaining the life of a cell 
or tissue and growing it. In this case, the supply of the culture medium applies a hydraulic pressure and physical 
stimulation to the cell or tissue, so that the cell or tissue is susceptible to metabolism functions, cell division cycle : 
concentration gradient or dispersion of living body stimulation so that the culture is enhanced. As a result it is possible 
to cultivate the cell or tissue which is close to a tissue in a living body and easily fusible with a tissue in a Irving body. 

40 [0024] The method of cultivating a cell or tissue according to the second aspect of the invention is characterized in 
comprising holding a cell or tissue of a living body at a specific culture position (culture chamber), setting the cell or 
tissue under an environment mimicking the living body, supplying continuously or intermittently a culture medium to 
the cell or tissue by way of a culture circuit (culture circuit), applying a pressure which is varied continuously, a pressure 
which is varied intermittently or a pressure which is varied periodically to the cell or tissue, and cultivating the cell or 

^5 tissue at the culture position. 

[0025] The setting of the culture position and environment are the same as mentioned above. The culture medium 
is continuously or intermittently supplied to the cell or tissue that is set at the culture position through the culture circuit. 
When the culture medium is supplied to the cell or tissue through the culture circuit that is separated or intercepted 
from the outside, the mode of supply of the culture medium can be made continuous or intermittent, and also the 

50 prevention of contamination can be achieved. It is possible to mimic a living body and to cultivate the cell or tissue 
efficiently by controlling the mode of the supply of the culture medium, corresponding to a living body environment. A 
desired pressure acts on the cell or tissue under culture thereof to apply physical stimulation. The mode of application 
of pressure is varied continuously, intermittently or periodically to mimic a living body, and apply a physical or mechanical 
strength needed for a living body such as flexibility or durability needed for the cell or tissue to be cultivated. Accordingly, 

55 it is possible to contribute to the culture of a cell or tissue which is ideal or practical, corresponding to a living body at 
a specific position of a living body, namely, contribute to cultivate the cell or tissue which is close to a tissue in a living 
body and easily fusible with a tissue in a living body. 

[0026] The method of cultivating a cell or tissue according to the third aspect of the invention is characterized in 
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S Theobiects.featuresandadvantage.of.heinventionarenowmademo^ 
}°s t to fourth embodiments of the invention, detail descriptions thereof and the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052J 

Fig. 1 is a block diagram showing a method of and an apparatus for cuftivating a cell or tissue according to a first 
Si isTvtw «gte n method of and the apparatus tor cultivating a cel. or tissue in Fig. 1 . 

other; 

40 Fig. 5 is a block diagram showing a control apparatus; H.» lmM «n„„. 

F S 6 is a flow chart showing a method of cultivating the cell or tissue according to the invent on 

Fig'. 7 Z a flow chart showing 9 initialization in the method of gating the ^^^^^^^ 

Fig. 8 is a flow chart continued from Fig. 7 showing Initialization in the method of cultivating the cell 

• STStaSSin-- from Fig. 8 showing in.alization in the method of cultivating the ce.l or tissue 

^TXZtZ^* dis P .acement of a pressure application piston in the pressure appiication apparatus 
and a pressure chamber relative to the motion of the pressure application piston; 

Fig. 11 is a view showing a pressure of a adjustable vafce relative to a displacement of an actuator in a pressure 

RcM 2is a timing chart showing the execution a culture mode at a variable pressure; 

F a 3 is a fim "g chart showing another execution of a culture mode at the variable pressure; 

Rg.1^saS 

to a second embodiment of the invention; 
55 Fia 15 is a side view of the culture apparatus unit in Fig. 14; 

Fig. 1 5 is a view showing a part of a cuiture apparatus body and a culture circuit unit m Fig. 4 
Pin 1 7 i« a view of the culture circuit unit separated from the culture apparatus body in Fig. 16, 
Fig. 1 8 !s a showing a part of the culture apparatus body from which the cuture circuit unit 
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in Fig. 16is removed; 

Fig. 1 9 is a partial sectional view showing a pressure application apparatus of the culture circuit unit in Fig. 1 6; 
Fig. 20 is a partial sectional view of a culture medium supply apparatus in Fig. 14; 
Fig. 21 is a partially sectional view of a pressure buffering apparatus in Fig. 14; 
5 Fig. 22 is a partially sectional view of a culture medium supply apparatus according to a modification of the second 

embodiment of the invention. 

Fig. 23 is a view showing a method of and an apparatus for cultivating a cell or tissue according to a third embod- 
iment of the invention; 

Fig. 24 is a view showing a method of and an apparatus for cultivating a cell or tissue according to a fourth em- 
w bodiment of the invention; 

Fig. 25 is a view showing a pressure application operation or control according to a fourth embodiment of the 
invention; 

Fig. 26 is a view showing a conventional method of and an apparatus for cultivating a cell or tissue; and 
Fig. 27 is a view showing another conventional method of and an apparatus for cultivating a cell or tissue. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0053] A method of and apparatus for cultivating a cell or tissue according to a first embodiment of the invention is 
described with reference to Figs. 1 to 13. 
20 [0054] Fig. 1 is a block diagram showing the method of and th apparatus for cultivating a cell or tissue according to 
the first embodiment of the invention; 

[0055] A culture apparatus 1 for realizing the method of cultivating a cell or tissue has a hermetically sealed space 
2 as a culture space in which a culture circuit unit 4 serving as a culture unit to supply culture medium 3 to cell or tissue 
to be cultivated is installed. 

25 [0056] The culture circuit unit 4 can be set up so as to be separated or detachable from a body of the culture apparatus 
1 (hereinafter referred to as culture apparatus body). The culture circuit unit 4 includes a culture medium tank 9, culture 
medium supply apparatus 6, a culture pressure application apparatus 8, a gas absorption apparatus 10, a valve 11 , 
and a branched path 13 having a valve 15 thereon. The culture medium 3 is a carrier for supplying a nutrition to the 
cell or tissue to be cultivated and a fluid including essential amino acid and various amino acids, glucose (saccharide), 

30 and an sometimes inorganic material such as Na+ Ca ++ is added thereto depending on the cell ortissue to be cultivated 
or a protein such as serum is included therein. Further, these apparatus are formed of a resin material having a sufficient 
heat resistance and does not melt to produce a material that affects a living body such as a fluorine resin . PEEK, a 
high grade heat resistant polypropylene, silicone or stainless steel, thereby preventing the constituents from being 
contaminated. 

35 [0057] The valves 11,15 may be formed of a pinch valve and so forth. The culture circuit unit 4 forms a closed loop 
circuit when the valve 15 is shut and the valve 11 is opened, an entire open loop circuit when the valve 15 is opened 
and the valve 11 is shut, and a partial open loop circuit when both the valves 11, 15 are opened. The culture circuit 
unit 4 may includes a gas absorption portion 41 denoted by two dotted one chain line and a pressure resistant portion 
43 denoted by a solid line instead of the gas absorption apparatus 10 that is partially installed therein. The gas ab- 

40 sorption portion 41 is a portion to render gas filled in the hermetically sealed space 2 to be absorbed by the culture 
medium 3 while the pressure resistant portion 43 is a portion to assure a reliable medium supply, corresponding to the 
pressure application portion of the culture medium 3 so as to prevent leakage of medium. A tube formed of an elastomer 
material through which gas easily passes a gas such as C0 2 ,0 2 may be used in the gas absorption portion 41 . 
[0058] The culture medium tank 9 is accommodated in the hermetically sealed space 2 and means for storing therein 

45 the culture medium 3 that is needed for cultivating the cell or tissue. The culture medium supply apparatus 6 is means 
for supplying the culture medium 3 to the culture circuit unit 4, namely, when a medium supply apparatus 12 that is 
inserted into the culture circuit unit 4 is driven by a driving apparatus 1 4 : it supplies a predetermined amount of culture 
medium 3 to the culture circuit unit 4. The culture pressure application apparatus 8 is means for applying a pressure 
to a cell 5 (Fig. 3) or tissue to be cultivated, and includes a pressure application apparatus 1 6 and a pressure buffering 

so apparatus 18. The pressure application apparatus 1 6 comprises a culture chamber 20 of the culture circuit unit 4, a 
pressure vessel 22 attached to the culture chamber 20 and a driving apparatus 24 for allowing an arbitrary pressure 
to act on the culture chamber 20. A cell or tissue to be cultivated is transplanted in a scaffold formed of a collagen and 
so forth and it is accommodated in the culture chamber 20 and is separated from the outside. 
[0059] The pressure buffering apparatus 1 8 is means for buffering a pressure to be applied to the culture medium 3 

55 by the culture pressure application apparatus 8, and it sets a pressure of the culture medium 3 exceeding a predeter- 
mined value as the maximum pressure by driving a pressure relief valve 26 that is inserted into the culture circuit unit 
4 by a driving apparatus 28. When a pressure of the culture medium 3 exceeding the maximum pressure acts on the 
culture circuit unit 4 S the pressure buffering apparatus pressure 18 operates the pressure relief valve 26 to allow the 
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culture medium 3 to escape therefrom, thereby buttering the pressure. A pressure application fluid is introduced into 
Spres^Tessel 22 from a pressure application fluid introduction apparatus 30 provided together with the culture 

K^S^iSS?i«™t» 32. a temperature regulating apparatus 34, and a gas mixture/concentration 
regulating apparatus 36 are installed in the culture apparatus 1 to regulate an atmospheric humidrty an atmospheric 
Zpe^ 

installed in the culture apparatus 1 , wherein desired control operations are performed by an administrator using the 
ooeration apparatus 38 while the control apparatus 40 is means for controlling a various apparatus such as the culture 
meXm supply apparatus 6, culture pressure application apparatus 8, pressure application fluid introduction appals 
30 humidity regulating apparatus 32, temperature regulating apparatus 34, gas mixture/concentration regulating ap- 
paratus 36 in response to an operation input or a control program through the operation apparatus 38. 
[00611 The memod of cultivating the cell or tissue using the culture apparatus is described next. Indispensable items 
such as culture conditions are inputted to the control apparatus 40 by operatingthe operation apparatus 38 forprepanng 

mS In this case, the indispensable items are various pressures set in the culture medium 3, and they are set to 
a mode of for example, a maximum pressure, a minimum pressure, a pressure gradient such as increase or decrease 
of pressu e, a pressure application period, the amount of flow of the culture medium 3, a culture temperature and 
cuE time. The culture circuit unit 4 selectively switches between the valves 11, 15 to render them to open or shut 
so as to form a closed loop or an open loop. 

[00631 Then e scaffold 7 (Fig. 3) formed of a sponge such as collagen is provided in the culture chamber 20 and the 
cell 5 (Fig. 3) or tissue to be cultivated is transplanted in the scaffold 7. The sponge such as collagen may be formed 
by freezing or drying collagen fluid inside the culture chamber 20. 

[0064] Subsequently, a prescribed amount of culture medium 3 is introduced into the culture medium tank 9, and 
he hermetically sealed space 2 is closed, then the operation switch is turned on so as to prepare the culture operation 
(automatic operation) so that a pressure application fluid is supplied from the pressure application fluid introduction 

^jxsss^SFm-** • * - — " r 6 rs set 

20 side through the medium supply apparatus 1 2 so that the culture medium 3 is supplied to the cell or tissue to be 
cultivated. The mode of supplying the culture medium 3 is selected from a continuous supply, an intermittent supply, 

ao a oeriodic supply or the combination thereof. 

[0u66] TheceLrtissueheldbythescaffoldisaccommodatedintheculturechamber20f.lledw,ththeculturemed,um 

3 and a pressure is applied from the pressure vessel 22 to the cell ortissue. The mode of pressure depends on pressure 

patterns set during the preparation of culture. 

TO067] When a pressure applied to the culture medium 3 exceeds a set pressure, the culture medium 3 flows out 
35 rom the pressure resistant portion 43 through the pressure relief valve 26 so that a pressure is controlled. 

[0068] If such operations are repeated during a prescribed culture time, the cell or tissue grows until . reaches a 
desired size inside the culture chamber 20. If a sponge such as collagen is used as a scaffold, the cell or tissue to be 
cultivated absorbs the collagen so that the scaffold disappears naturally. u„w m „,j .„ 

[0069] If a hydro-gel is used as holding means, the cell or tissue is accommodated and held inside the hydro-gel in 

40 [ooror^he'cutture circuit unit 4 forms the closed loop when the valve 15 is shut and the valve 11 is opened the 
culture medium 3 circulates inside the culture circuit unit 4 and it is supplied to the cell or tissue s.de to be cultivated^ 
If the cutture circuit unit 4 forms the opened loop when the valve 11 Is shut and the valve 15 is opened, the culture 
medium 3 flows to the branched path 1 3 side then to the pressure application fluid introduction apparatus railroad has 

45 30 side, namely, to a water tank for pressurizing 68 side (Fig. 2) so that fresh culture medium 3 can be always supplied 
to the cell or tissue side to be cultivated. „i, 
[0071] A gas such as nitrogen, oxygen, carbon dioxide is absorbed by the gas absorption apparatus 1 0 or gas ab- 
sorption portion 41 of the cutture circuit unit 4 from the interior of the hermetically sealed space , dunng thecultu e 
and supplied to the culture medium 3 so that a gas that is needed for gas exchange like a living body is supplied to 

so the cell or tissue through the culture medium 3. 

[00721 I n such a manner, a culture environment mimicking the living body is set in the cell or tissue so that an in vrtro 
cTure can be efficiently performed while it is not contaminated by bacteria and so forth. That is, s^ahyra* 
pressure of the culture medium 3 and physical stimulation by the flow of the culture medium 3 are applied to the cell 
or tissue inside the culture chamber 20, the cell or tissue is susceptible to metabolism function, cell division cycle, 

55 conoentration gradient or dispersion of living body stimulation so that the culture is enhanced. Further, J^^*f.|^ 
is subjected to physical stimulation by a pressure application by the pressure appl.cat.on apparatus 1 6 or depending 
on The mo7e of pressure application. Accordingly, the culture of the cell or tissue is enhanced so that a tissue close to 
that in the living body or a tissue easily fuses with the tissue of the living body can be cultivated. Still furthr, if the 
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TcoSucted as shown in Fig. 4, such that the culture circuit unit 4 is detachable from the culture apparatus 1 
££7^?£.n apparatus 1 has a culture box 42 that can be hermetically sealed, and the open,* .and putting 
5 o lr ?70 fRa 141 is detected by a door switch 44. The culture circuit unit 4 for supply.ng the culture medium 3 is 
iiJSSS'fti<^S^4?Tte culture circuit unit 4 is a detachable tube unit for connecting a culture medium 
Z£^m?^££ tank for storing therein the culture medium 3 by way of the culture . chamber 20. 

Stored 
KgLab^^^^ 



ra0751 The culture medium bag 48 is supported by a hook 56 having a detection switch 54 seeing as weight detection 
™ on the wa! surface of the culture box 42. wherein a volume corresponding to the weight of the culture medium 
TS^^S^S^Si 48 is detected by the detection switch 54. When the detection switch 54 detects the 
n^CSSSEd weight of the curture medium bag 48, abnormality is notified by indication means (,nd,- 

S^^XSZ^fSL 58 is subjected to an inspection of denaturation, namely, it is inspected whetoer 
te medium 3 is contaminated by bacteria or the like or subjected to an inspection «P»£™™^ matena, 

produced by the culture medium 3, oxygen concentration, carbon diox.de concentration and so forth. 
roorerThece^ 

K the culture chamber 20 together with the scaffo.d 7. The culture chamber 20 . ormed of a cultu e vessel 6 
hat is detachablv attached to a pressure chamber 60 by fixing means such as a plurality of bolts 62 or the like and 
SS Xrovided onto the culture vessel 61 . The injection port 63 is used for transplant^ the cell 5 to 
be cuCed in the scaffold 7 provided inside the culture chamber 20 by a syringe or the like. The culture chambe 20 
2 I to the pressure chamber 60 by other fixing means such as a clamper. Both the pressure chamber 60 

and culS vessll eiTsea ed by a seal member such as an O ring. The surface of the pressure chamber 60 side 
tffhe cul ure^amberTo is closed by a pressure transmitting film 64 to form a hermetically sealed space and water 
65 fo ^ essur zTg s d° t he press re chamber 60 contacts the cufture chamber 20 by way of the pressure trans- 



TOOTT? The water (fluid) tank for pressurizing 68 is connected to the pressure chamber 60 through a water supply 
Sitslan^ 

on the water supply conduit 66, wherein a bypass valve 82 is provided on a bypass condu.t 88 having a , onf ice 1 86 at 
^Z^SStZ is, when the bypass valve 82 and seal valve 84 are opened to drive the pump 80 when the 
lt^ 65 (tor oressuriz ng is filled inside the pressure chamber 60 from the water tank for pressurizing 68. Since a 
tevel ofp rassu £7 iaS inside the water tank for pressurizing 68 is detected by a water level sensor 96 when a 
^l^w^Tail opened or shut depending on a water level, the water 65 (for pres surizing) can be rep en shed 
"toe water tank for pressurizing 68 through a water supply conduit 94 so that the water level ins.de the , wate tan 0 
pressuriSng 68 i Xays kept fn the optimum water level. A water discharge conduit 98 is branc hed fr om he water 
sudoIv SSutt 66 of the water tank for pressurizing 68, and the water 65 (for pressurizing) .s discharged through the 
SS^JSZ 98 when a fluid' discharge valve 100 is opened when the culture of the cell 5 
ro0781 SLionconduit102di 

60 and thtra arajroi a seal va.ve 1 04 and a circulation pump 106 in the collection conduit 102. The tip end of toe 
collection ZZli i7o2 is submerged in the water 65 (for pressurizing) inside the water tank for pressurizing 68. Th at 
i Sn the sea vatve 84 is opened and the bypass valve 82 is shut to drive the circulation pump 106 a pressure 
nswe toe oreTurrchamber 60 is decreased, air bubbles and so fourth that are stuck to inner walls of the pressure 
Z^SEZZZm supply conduit 66, collection condu« 1 02 and so forth can be d^charged toward the water 
ten TfoTpressIrizing 68 side. Further, the water 65 (for pressurizing) inside the pressure chamber 60 can be suppl ed 
Em the water tank for pressurizing 68 to the pressure chamber 60 through the water supply conduit 66 when the 

pCsocS^ 

torough the collection conduit 102 so that it can be circulated between the pressure chamber 60 and the water tank 
for pressurizing 68. 
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[0079] A heater 108, a temperature sensor 110, a pressure sensor 112 and a sound producing unit 114 are respec- 
tively provided on the wall surface of the pressure chamber 60, wherein heating, temperature and pressure of the water 
65 (for pressurizing) accommodated inside the pressure chamber 60 are detected by the temperature sensor 110 : 
pressure sensor 112, and wherein a sound wave such as an ultrasonic wave from the sound producing unit 114 can 

5 be applied to the pressure chamber 60, if need be. 

[0080] A pressure application piston 1 1 6 as pressure application means is reciprocatively provided inside the pres- 
sure chamber 60 wherein the pressure application piston 1 1 6 is supported by a supporter cylinder 1 1 7 protruded from 
the wall surface of the pressure chamber 60, and O-ring 119 serving as seal means seals between the supporter 
cylinder 117 and pressure application piston 116. An actuator 120 serving as pressure application driving means and 

10 a motor 122 are fixed to the pressure application piston 116 by way of a pressure application spring 118. The motor 
122 is formed of, e.g., a stepping motor, and the rotation of the motor 122 is converted into a reciprocating motion by 
the actuator 120 and the reciprocating motion is applied to the pressure application spring 118 whereby a pressure 
inside the pressure chamber 60 can be increased or decreased depending on the reciprocating motion of the pressure 
application piston 116 so that a high pressure is produced when the pressure application piston 116 is moved forward 

is while a low pressure is produced when the pressure application piston 116 is moved backward, and the variation in 
pressure applies pressure application stimulation to the cell 5 in the scaffold 7 through the pressure transmitting film 
64. Further, the position of the pressure application piston 116 is detected by a position sensor 123, and the detected 
data is used for controlling the reciprocating motion of the pressure application piston 116, namely, the control of 
pressure application stimulation. 

20 [0081] In this case, the water 65 (for pressurizing) is filled in the pressure chamber 60, and a pressure applied by 
the pressure application piston 116 acts on the entire surface of the pressure transmitting film 64 through the water 65 
(for pressurizing): and the same pressure serving as a hydrulic pressure uniformly acts on the cell 5 or tissue through 
the pressure transmitting film 64 and the culture medium 3, and a strain caused by the same pressure can also act on 
the cell 5 or tissue. Further, it is possible to allow a dynamic range of the amount of variation in pressure large when 

25 controlling the amount of motion of the pressure application piston 1 1 6 so as to finely control the pressure from a small 
value to a large value. The motion of the pressure application piston 116 is detected by the position sensor 123 and 
is monitored by the control apparatus 40, and when the amount of motion arrives a critical position, an alarm output is 
outputted from the control apparatus 40 as an abnormality of the culture apparatus 1 , then alarm indication is performed 
on indication means (the indication apparatus 232 in Fig. 5 and so forth) connected to the control apparatus 40 or the 

30 abnormality is notified to an administrator through a communication line such as a telephone. 

[0082] The medium supply apparatus 12 for supplying continuously or intermittently the culture medium to culture 
chamber 20 includes a medium supply chamber 128 having a supply side check valve 124 and a suction side check 
valve 126 at the medium input and output side, and it is detachably attached to the culture box 42 by screws 130. A 
medium supply piston 1 32 is reciprocatively attached to the medium supply chamber 1 28, and a disinfectant fluid tank 

35 134 is provided at the middle portion of the medium supply piston 132, while a pressure application spring 136 is 
attached to the middle portion of the medium supply piston 132. O rings 133, 135 serving as seal means are provided 
between the medium supply piston 132 and a main body of the medium supply chamber 128. A disinfectant or an 
antiseptic solution or antibiotic substance such as penicillin is filled in the disinfectant fluid tank 134 to prevent the 
entrance of bacteria or a foreign matter from the outside. The pressure application spring 136 is accommodated in a 

40 protection cylinder 137. 

[0083] An actuator 138 serving as driving means and a motor 140 are respectively attached to the rear end portion 
of the medium supply piston 132. The motor 140 is formed of s e.g., a stepping motor and the rotation of the motor 140 
is converted into a reciprocating motion by the actuator 138, and the thus converted reciprocating motion is applied to 
the pressure application spring 1 36 so that a pressure inside the medium supply chamber 1 28 increases or decreases 

45 in response to the reciprocating motion of the medium supply piston 132. The varied pressure at that time is applied 
to valve bodies 142, 144 of the supply side check valves 124 and suction side check valve 126. When the medium 
supply piston 132 is pulled out from the medium supply chamber 128, the inside of the medium supply chamber 128 
is negatively pressurized by the amount of pulling out of the medium supply piston 1 32 so that the valve body 1 42 is 
pulled downward by a restoring force of a spring 143 to shut the supply side check valve 124 while the valve body 144 

so j s pulled upward against a pressure application force of a spring 145 to open the suction side check valve 1 26. As a 
result, the culture medium 3 is sucked into the medium supply chamber 128. Further, when the medium supply piston 
132 moves inside the medium supply chamber 128, the inside of the medium supply chamber 128 is pressurized to 
lower the valve body 144 so as to shut the suction side check valve 126 while the valve body 142 moves upward to 
open the supply side check valve 1 24 so that the culture medium 3 inside the medium supply chamber 1 28 is supplied 
55 to the culture chamber 20 side. 

[0084] The pressure buffering apparatus 1 8 for the culture medium 3 has the pressure relief valve 26, and the pres- 
sure relief valve 26 is detachably attached to the culture box 42 by screws 146. A valve body 150 which moves back 
and forth and closable inside the valve chamber 1 48 is attached to the pressure relief valve 26, a disinfectant fluid tank 
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153 is provided on the middle portion of a plunger 152 of the valve body 150. O rings 155, 157 serving as seal means 
are provided between the plunger 152 and a main body of the valve chamber 148. A disinfectant or an antiseptic 
solution or an antibiotic substance such as penicillin is filled in the disinfectant fluid tank 153 to prevent the entrance 
of bacteria or a foreign matter from the outside. An actuator 156 serving as driving means and a motor 156 are respec- 
tively attached to the rear end portion of the plunger 152 of the valve body 150 by way of a buffer spring 154. The 
motor 1 58 is formed of , e.g., a stepping motor and the rotation of the motor 1 58 is converted into a reciprocating motion 
by the actuator 1 56, and the thus converted reciprocating motion is applied to the buffer spring 1 54 so that an operation 
pressure for opening the valve body 150 is controlled in accordance with the compression of the buffer spnng 154. 
That is when the compression of the buffer spring 154 is high, a pressure from the culture medium 3 needed for 
opening the valve body 150 becomes high while when the compression of the buffer spring 154 is low, a pressure from 
the culture medium 3 needed for opening the valve body 150 becomes low. The reason why the pressure buffering 
apparatus 1 8 is provided is to buffer a pressure application force applied to the culture medium 3 in the culture chamber 
20 at the culture circuit unit 4 side. 

r0O851 A pinch valve 1 62 and a suction tube 1 64 are branched from a tube 50D for connecting the valve chamber 
1 48 of the pressure relief valve 26 and the culture medium bag 48, and a pinch valve 1 66, a check valve 1 68 and a 
culture medium tank 170 are respectively provided on the suction tube 164, while the culture medium tank 170 is 
connected to the collection conduit 102 through a suction tube 165. The pinch valve 162 is used for opening and 
shutting the tube 50D while the pinch valve 1 66 is used for opening and closing the suction tube 1 64. A valve body 
169 of the check valve 168 is shut by a pressure application force of a spring 171. When a pressure of the culture 
medium 3 exceeds a pressure application force of the spring 1 71 , the culture medium 3 flows to the culture medium 
tank 1 70 side through the suction tube 1 64. The pinch valve 1 66 can shut the suction tube 1 64 by operating it regardless 
of the check valve 168 so as to prevent the flow of the culture medium 3. Since the culture medium tank 170 serves 
as a hermetically sealed container when the pinch valve 1 66 is opened, a pressure inside the culture medium tank .170 
is decreased when the circulation pump 1 06 is driven while closing the seal valve 1 04 is shut so that the valve body 
169 is moved against the pressure application force of the spring 171 to open the check valve 168. At th.s t.me, the 
culture medium 3 can be drawn into the culture medium tank 1 70 side. 

[0086] An N 2 gas tank 1 72, an 0 2 gas tank 1 74 and a C0 2 gas tank 1 76 serving as the gas mixture/concentration 
regulating apparatus 36 are respectively connected to the culture box 42 through conduits 1 78, 1 80, 1 82. Gas shutting 
valves 184 186 168, flow control valves 190, 192, 194. flow meters 196. 198, 200. pressure control apparatus 202, 
204 206 and valves 208, 210. 212 are respectively provided on the conduits 178, 180, 182. That is, when the gas 
closing valves 1 84, 1 86, 1 88 are selectively opened or shut, at least one of N 2 gas, O a gas or C0 2 gas .s supplied and 

mixed with each other. „ 
r00871 Humidifying water sourcer 216 for storing therein humidifying water 214 serving as a humidity regulating 
apparatus 32 and a stirring fan 218 are installed in the culture box 42. while a gas heating heater 220 serving as a 
temperature regulating apparatus 34 as heating means, a box temperature sensor 222 and the stirring fan 218 are 
also installed in the culture box 42. The stirring fan 218 is driven by a fan motor 224. 

[0088] Although an alarm is issued when the culture apparatus 1 becomes abnormal, the control apparatus 40 con- 
trols a temperature, a gas concentration inside the culture box 42 and continues a medium supply operation so as to 
hold the cell 5 or tissue under culture regardless of the kind of abnormality until an administrator takes necessary 
means against the abnormality. The control apparatus 40 also controls a temperature, a gas concentration inside the 
culture box 42 and continues a medium supply operation even if a predetermined culture time amves or a normal 
operation is completed. 

[0089] Fig 5 shows the concrete construction of the operation apparatus 38 and control apparatus 40. A main contro 
apparatus 230 is commonly provided in the operation apparatus 38 and control apparatus 40 formed of a personal 
computer and so forth. An indication apparatus such as a display, liquid crystal, an external storage apparatus 234 
such as a hard disc, an optical disc, a floppy disc, an IC card, and a key board input apparatus 236 are respectively 
connected to the main control apparatus 230. The key board input apparatus 236 constitutes a part of the whole of the 
operation apparatus 38. , 
[0090] There are applied to the main control apparatus 230 the following, namely, a detection output of the temper- 
ature sensor 1 1 0 by way of a temperature detection circuit 238, a detection output of the box temperature sensor 222 
by way of temperature detection circuit 240, a detection output of the pressure sensor 1 1 2 by way of a pressure detection 
circuit 242 a detection output of the position sensor 1 23 and a detection output of the detection switch 54 while there 
are obtained the following respectively by way of the main control apparatus 230, namely, a driving output of the motor 
122 by a driving circuit 244, a driving output of the motor 140 by a driving circuit 246, a driving output of the motor 158 
by a driving circuit 248, a driving output of the heater 108 by a driving circuit 250, a driving output of the valves 1 84, 
1 86, 1 88 by a driving circuit 252, a driving output of the fan motor 224 by a driving circuit 254, a driv.ng output of the 
heater 220 by a driving circuit 256, and the driving output of the sound producing unit 11 4. 
[0091] Fig. 6 is a flow chart showing a method of cultivating the cell or tissue according to the invention. 
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r00921 Step S1 is an initialization mode. This initialization mode includes a step of filling the water 65 (for pressurizing) 
Ee the pressu e chamber 60 and fining the culture medium 3 inside the culture circuit unit 4 after the c. ure c. cu. 
un^isinsta.ledandastep of sampling the amount of operation of the pressure ^^^^S^IS^SZ 
pressure application apparatus 8 and the pressure buttering apparatus 1 8 corresponding to an inputted Mt i pressure 
Se and storing the sampled amount of operation in a memory, described later. Elongation percentage of a matenal 
const^ 

forobtalnlngasetpressure is differentiated by the presence of air valves and so forth remaining m the pressure chamber 
60 Accordingly, in the initialization mode, these set values are corrected. 

[0093] When he culture circuit unit 4 is installed, the gas mixture/concentration regula ,ng apparatus S^hum d.ty 
emulating apparatus 32 and temperature regulating apparatus 34 are operated, thereby fi.Ung gases .ns.de the culture 
box 42 and regulating humidity and temperature to optimum values. Thereafter, the water 65 (for pressure ng) formed 
o? service water and'so forth 7s replenished in the water tank for pressurizing 68 by opening the wate, s^We 92 
Ln the bypass valves 82, seal valves 84 and 104 are opened to operate the pump 80 so that the water 65 for 
pTssurizing) is supplied inside the pressure chamber 60. The amount of supply of the water 65 (for pressure. ng) to 
The pressure chamber 60 is detected by the flowing water sensor 70. and when a predeterm.ned amount o water 65 
(tor pressuSSTs detected, the pump 80 is stopped so as to switch to a circulation operation by the circulate pump 

JoOM] in the circulation operation, the bypass valve 82 is shut to switch to the flow to the bypass .conduit 8*At this 
ime,thea™untofwater65(for P ressuriz^ 

pressurized by the suction force of the circulation pump 106, and air valves remaining .ns de he P ressur « ch ^ mb ^° 
a e discharged toward the water tank for pressurizing 68 side. A, this time, the pinch valve 16 's «hut and the ^pinch 
valve 1 66 is opened so that the culture medium 3 inside the culture medium bag 48 .s filled in the culture chamber 20 
by *e negate pressure produced by the circulation pump 106 through the tubes 50E, 50A, SOB. After the culture 
me urn 3 is filled' in the cutture chamber 20 by operating the circulation pump 1 06 for a prede ermmed t.me the pinch 
valve 166 is shut and the pinch valve 162 and bypass valve 82 are opened to release a negative ^ssurecauae d by 
the circulated flow, then the circulation pump 106 is stopped. Subsequently, after the seal vah,es 84 104 ar > shuUhe 
wLr 65 (for pressurizing) inside the pressure chamber 60 is heated by the heater 108, and the heated temperature 
is detected bv the temperature sensor 110 to start the control of the temperature. 

OOgsf Then the motor 158 of the pressure buffering apparatus 18 is operated to shut the pressure rehef valve 26 
so as o Jock toe tube 50C at a given pressure. When the pressure application apparatus 1 6 is operated by opera .ng 
the motor 122 until apredeterminedmaximum pressure Pmax isdetected. When maximum pressure Pmax 
the Counted number of pulses of the motor 122 is stored in the memory of the main centre apparatus 23a Then the 
motor 158 of the pressure buffering apparatus 18 is rotated until the present pressure value .s decreased, then the 
counted Tnumberofpulses of the motor 158 is stored in thememoryofthemaincont ro .apparatus230wh.lethe P ressure 
value serves as the position of the maximum pressure Pmax. 

[00961 Then, the motor 1 22 of the pressure application apparatus 1 6 is rotated until a predetermined m.n. mum pres- 
sure Pmin is detected. When the minimum pressure Pmin is detected, the counted number of pulses of the motor 122 
fs stored in the memory of the main control apparatus 230. Subsequently, the motor 158 of the pressure buffenng 
apparatus 18 » rotated, and the motor 158 is stopped at the position where the decrease of a P^J™ 
minimum pressure Pmin starts. At this time, the counted number of pulses of the motor 158 .s stored ,n the memory 

foo" rrrSSon mode, a program goes to step S2 to determine whether it is a culture mode or 
not That is a pressure is periodically varied to determine whether a culture is to be performed or not, where n when 
a ressure variation is to be controlled, the program goes to a culture mode at varied pressure ,n step S3 while when 
the culture is performed at a given pressure, the program goes to a culture mode at f.xed pressure in step S7. 
u098 fn the cuLe mode at varied pressure in step S3, increasing of a pressure holding of a pressure, tocreasing 
of a pressure, and holding of a pressure are repeated every cycle T to pressurize and stimulate the cell 5 .n the culture 
chamber 20 while supplying the culture medium 3 to the cell 5. 

P099] in stop S4, rt b determined whether each error between the pressures caused by the operafons of pressure 
applicltionappamtusieand 

S Exceeds a predetermined value or not. If there occurs each error exceeding the predeterm.ned value the program 
goestoSepS^ -where the amount of motion of tl,.pr^r.^^onapp^.16^p^r.b^B-2^ 
?8 conforming to each value of the maximum pressure Pmax and minimum pressure Pmin .s sampled, thereby cor- 
recting a value stored in the main control apparatus 230. 

moo? Then in step S6, the programs in steps S3 to S6 are repeated until a predeterm.ned culture time t elapses 
while when the predetermined culture time t elapsed, the culture is completed, and the program goes to step S11 
miSr 1" the culture mode at fixed pressure in step S7, the cell 5 or tissue is stimulated by a given pressure and he 
Sure medium 3 is supplied. That is, in step S8, it is determined whether an error between a pressure caused by the 
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operation of the pressure application apparatus 1 6 and pressure buffering apparatus 1 8 and a set pressure Ps exceeds 
a predetermined value or not. If there occurs an error exceeding the predetermined value, the programs goes to step 
S9 where the amount of motion of the pressure application apparatus 16 and pressure buffering apparatus 18 con- 
forming to the set pressure Ps is sampled, thereby correcting a value stored in the main control apparatus 230. In step 

5 S1 0, when the predetermined culture time t elapses, the culture is completed, and the program goes to step S11 . 
[0102] Thereafter in step S11 , a living body cell holding operation mode is performed. Even if the culture of the cell 
5 or tissue is completed or tissue is created, it is necessary to hold the cell 5 or tissue soundly for a while until the 
transfer of the cell 5 or tissue for transplantation is started. In the living body cell holding operation mode, the culture 
medium 3 is supplied to the cell 5 to keep the living body cell in a sound state while maintaining the cell 5 at a prede- 

10 termined temperature. 

[0103] Then, in step S12, it is determined whether the living body cell is transplanted or not, namely an operation 
stop instruction for transplanting a tissue formed of the cell 5 is inputted or not, and the circulation of the culture medium 
3 and the control of temperature are stopped in response to the operation stopping instruction. Thereafter, the culture 
circuit unit 4 is detached from the culture apparatus 1 and the cell 5 or tissue is transferred together with the culture 
15 circuit unit 4. 

[0104] Figs. 7, 8, and 9 show a set inputting operation in the initialization mode, wherein numerals a, b, c, d and e 
are used as connection symbols of the divided flow charts, wherein the same or conformed letters of a to e extending 
over two pages are connecting portions. 

[0105] In step S21, it is inputted that the cell 5 or tissue is cultivated in the culture chamber 20 in a periodically 
20 pressurized state or at a fixed pressure. In step S22, when a pressure is varied periodically, the program goes to step 
S24 where "the variable pressure" is indicated. On the other hand, if the culture is performed under a fixed pressure, 
the program goes to step S23 where "fixed pressure" is indicated. 

[0106] In step S25, a cycle T for varying a pressure is indicated. In step S26, it is determined whether the inputted 
cycle T is within execution or not. If the cycle T is beyond execution, the program goes to step S27 where "re-input of 
25 cycle T" is indicated and notified, then the program goes to step S25 where the cycle T is re-inputted. If the cycle T is 
within execution, the program goes to step S28 where "cycle T" is indicated and it is stored in a memory of the main 
control apparatus 230. 

[0107] In step S29, holding time t A of the maximum pressure Pmax is inputted. In step S30, it is determined whether 
the holding time t 1 is within the operation of the cycle T or not. If the holding time t 1 is beyond the operation of the cycle 
30 T, the program goes to step S31 where "re-input of holding time t 1 " is indicated and notified, then the program goes to 
step S29 where the holding time t-i is re-inputted. If the holding time t 1 is within the operation of the cycle T, the program 
goes to step S32 where "holding time t 1 of maximum pressure" is indicated and stored in the memory of the main 
control apparatus 230. 

[0108] In step S33, holding time t 2 of the minimum pressure Pmin is inputted. In step S34, it is determined whether 
35 the inputted holding time t2 is within the operation of the cycle T or not. If the holding time ^ is beyond the operation 
of the cycle T, the program goes to step S35 where "re-input of holding time t 2 " is indicated and the program goes to 
step S33 where the holding time t 2 is re-inputted. If the holding time t 2 is within the operation of the cycle T, the program 
goes to step S36 where "holding time t 2 of minimum pressure" is indicated and stored in the memory of the main control 
apparatus 230. 

40 [0109] In step S37, the inputted cycle T and the difference between times + tg) are halved to operate pressure 
increasing/decreasing time t 3 . In step S38, it is determined whether the pressure increasing/decreasing time t 3 is within 
operation or not. If the pressure increasing/decreasing time t 3 is beyond operation, it is determined that the values of 
the cycle T, holding time t1 and holding time t 2 are not appropriate, and the program returns to step S25. If the pressure 
increasing/decreasing time t 3 is within operation, the operated pressure increasing/decreasing time t3 is stored in the 

« memory of the main control apparatus 230, and in step S39, "pressure increasing/decreasing time t 3 n is indicated. In 
step S40, it is inputted whether the speed of motion is varied or not when increasing or decreasing pressure. The 
program goes to step S42 when the speed of motion is controlled in step S41 while the program goes to step S46 
when the speed of motion is not varied. 

[0110] In step S42, the amount of variation for controlling the speed of motion when increasing or decreasing a 
so pressure is inputted. In step S43, it is determined whether the inputted amount of variation is operable or not. If inop- 
erable, the program goes to step S44 where "re-input of the amount of variation in amount of increased/decreased 
pressure" is indicated, and the program goes to step S42 where it is re-inputted. If operable, the program goes to step 
S45 where "amount of increased/decreased pressure" is indicated and it is stored in the memory of 230. At this time, 
the displacement of a pressure may be indicated on a simulation picture. 
55 [0111] In step S46, the minimum pressure Pmin is inputted. In step S47, it is determined whether the minimum 
pressure Pmin is within execution or not. If the minimum pressure Pmin is beyond execution, the program goes to step 
S48 where "re-Input of minimum pressure Pmin" is indicated and the program goes to step S46 where the minimum 
pressure Pmin is re-inputted. On the other hand, if the minimum pressure Pmin is within execution, the program goes 
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to step S49 where "minimum pressure Pmin" is indicated and stored in the memory of the main control apparatus 230. 
[0112] In step S50, the maximum pressure Pmax is inputted. In step S51 , it is determined whether the maximum 
pressure Pmax is within execution or not. It the maximum pressure Pmax is beyond execution, the program goes to 
step S52 where "re-input of maximum pressure Pmax* 1 is indicated and the program goes to step S50 where the 
5 maximum pressure Pmax is re-inputted. On the other hand, if the maximum pressure Pmax is within execution, the 
program goes to step S53 where "maximum pressure Pmax" is indicated and stored in the memory of the main control 
apparatus 230. 

[0113] In step S54, a controlled temperature ct of the pressure chamber 60 is inputted. In step S55, it is determined 
whether the controlled temperature ct is within execution or not. If controlled temperature ct is beyond execution, the 
10 program goes to step S56 where "re-input of controlled temperature ct" is indicated and the program goes to step S54 
where the controlled temperature ct is re-inputted. If the controlled temperature ct is within execution, the program 
goes to step S57 where "controlled temperature ct" is indicated and is stored in the memory of the main control appa- 
ratus 230. 

[0114] In step S58, the amount of circulated flow f of the culture medium 3 in the culture circuit unit 4 is inputted. In 
15 step S59, it is determined whether the amount of circulated flow f is within execution or not. If the amount of circulated 
flow f is beyond the execution , the program goes to step S60 or "re-input of the amount of circu lated flow f" is indicated 
and notified, then the program goes to step S58 where the amount of circulated flow f is re-inputted. If the amount of 
circulated flow f is within execution, the program goes to step S61 where "amount of circulated flow f" is indicated and 
is stored in the memory of the main control apparatus 230. In step S62, the operation time is inputted. 
20 [0115] In step S63, "operation time" is indicated and is stored in the memory of the main control apparatus 230. 
[0116] Described hereinafter is the relation between the pressure application piston 116 in the pressure application 
apparatus 16 and a pressure applied to the cell 5 or tissue. 

[0117] Since a force F is expressed by F = P x A : where A (cm 2 ) is a sectional area of the pressure application 
piston 116, P (kg/cm 2 ) is a pressure and F (kgf) is aforce, and the force F is further expressed by F = KxL 2 , where K 
25 (kgf/mm) is a spring constant of the pressure application spring 118 and L 2 (mm) is the amount of contraction of a 
spring, the following equation is established. 

Kxl_ 2 = PxA 

on 

I_2=(PXA)/K (1) 

[0118] That is, when the pressure application piston 116 is moved, elasticity of the pressure application spring 118 
acts on the pressure application piston 116 so that the pressure application piston 116 compresses the water 65 (for 

35 pressurizing) inside the pressure chamber 60. A pressure inside the pressure chamber 60 increases when the water 
65 (for pressurizing) is compressed therein, and the increased pressure is detected by the pressure sensor 112. The 
relation between the displacement of the pressure application piston 116, i.e., the amount of motion (mm) and the 
pressure P (kg/cm 2 ) becomes e.g., as shown in Fig. 10. In Fig. 10, L 1 is the amount of motion by the motor 122, L 2 is 
the amount of contraction of the pressure application spring 1 1 8, L 3 is the amount of motion of the pressure application 

40 piston 1 1 6 when the pressure application spring 1 1 8 is not used, L 4 is the amount of motion of the pressure application 
piston 116 caused by the shrinkage of mixed air, L 5 is the amount of motion of the pressure application piston 116 
caused by shrinkage of water and L 6 is the amount of motion of the pressure application piston 116 caused by the 
deformation of a vessel of the culture chamber 20 and pressure chamber 60. L 3 is the sum total of L 4 , L 5 and L 6 , and 
L 1 is the sum total of 1_2 and L 3 . The relation between the amount of motion of the pressure application piston 116 in 

45 the pressure application apparatus 1 6 and the value of pressure detected by the pressure sensor 1 1 2 is stored in the 
memory of the main control apparatus 230. The amount of motion of the pressure application piston 116 caused by 
compression of air is described now. 

[01 1 9] Since a volume Va of air is expressed by Va = V/(Pa+1 ), where V (cm 3 ) is a volume of air (at 1 atm ), Va (cm 3 ) 
is the volume of air (when pressurized) and 1 x V=(Pa+1 ) xVa=constant is fixed while the amount of motion L 4 (mm) 
50 of the pressure application piston 116 caused by compression of air is expressed as follows. 

L4=10X{(V-Va)/A> 
55 =[{V-V/(Pa+l)}/A] X10 --• (2) 
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[0 1 20 , Further, the amount or motion of.he ^^Z^^ S^SE^^ 
culture medium 3 becomes as follows. That ,s, «^ f me ^~" t i^^ r ^ cuft J re me dium 3 and the amount 
3 is expressed ^^^^ L s (mm) ot the pressure 



L s = AW/AX 10 

=10X{(0.44X10 6XPXW)/A} (3) 



5 



Ls =(AWt/A) X10 

=10x{CWxCt)/A> ••• (4) 



roi221 Accordingly, the total amount ot motion of the pressure app.ication piston 116 b^**^.^"* 
^Tcha^ 

[0123] If a pressure applied to the buffer spnng 154 is dec ™° ^ ; e|jef va|ve 26 s0 that the pressure 
pressure inside the culture chamber 20 exceeds a pressure ?£*Te at the culture chamber 

relief valve 26 is opened through which the cu ture medium (passes ^ JJJiSS a pn«u» at the culture 
20side is decreased, .fapressure^ 

medium 3 side, the pressure is settled. A pressure applie ,a I to tne > pn by F = P x B where a blocked 

apparatus 18 is described now. A foreeF batenced^rth ^e ^ ^ pressure p jg f 

area by the pressure relief valve 26 .s B (cm^ a P r ^ s " r ° *^ K * oj contraction m of the buffer spring 154 

(kgf), and the balanced force F .s also expressed by ^ x . m ^J^™™ K (kaf/mm) and tne amount of shrinkage 
sexpressedby m= P x B/K where a spring constant of ^^^^^^^ pnsaunm m^2B 
of the buffer spring 1 54 is m(mm). Fig. 1 1 shows a r f^ nb f"*^ b £ffer spring 154) and a 

side, namely, the amount of motion of the actuator 156 «<M«J™to contract of t he P g ^ 

pressure acting on the pressure relief vajve 26^ namely, ^^^^^ Ui - used, 
a single buffer spring 1 54 .s used, and a l.ne m 2 shows ^a case « substantially neglect the 

[0124] Since the capacity of the medium supply apparatus 12 .s sma "^'" p0 ~ f h According |y, the 

'shrinkage of the culture medium 3, deformation of the vesse jJJjJ^^S^ supp. 'piston 
amount of motion I is expressed by l=V/C because the ™™*<**^ ZZ^Zo 132 s C (cm*) and the amount of 
132 is expressed by V- C x . where a sect.onal ^^^^o^^yo^M If the amount of motion 
motion is I (cm) so that the amount of mouon ,s determ.ned by -the amoun of suppiy o, me ^ 
of the medium suppiy piston 132 of the medium su Ppl y appar^^ 

to an originai position after it is moved wh.le 1 the a^unt of J^^Jl ™ position during tne medium 
supply piston 1 32 Is not returned to the original position .but ' B „ nmova S e posltio n. At this time, if a 

supply operation,then it is returned to the ongina po« t on J" * » ^ *^^ e J ouni of the mo tion of the 

A Fi g ,12 ( a)to12(d)showthemannerofe„ 

in step S3 in Fig. 6. namely, Fig 12^ a) S s 3 hechange or variation in pressure. Fig. 12 (b) 

to 12 (d) show pressure appl,cat,on t.mingsjhat ,s. Rg. 12(a) show i the .cn g app , ica tion timing of 
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increase or decrease a pressure by selecting appropriate numerical values based on data relating to an age, a sex, a 
height, a weight respectively of a living body, a position in the living body relating to the cell 5 to be cultivated. 
[0127] The pressure buffering apparatus 18 blocks the tube 50C by operating the pressure application apparatus 16 
so that the pressure application apparatus 16 reaches a position where the maximum pressure Pmax is obtained at 
5 the maximum speed for time tg before the start of pressure application. Thereafter, the operation of the pressure ap- 
plication apparatus 1 6 is started upon elapse of delay time t 4 where a pressure application is performed to extend from 
the minimum pressure Pmin to the maximum pressure Pmax at the speed corresponding to time t^. 
[01281 After tne maximum pressure Pmax is held for time t,, the pressure application apparatus 16 is re-operated 
to start the decrease of pressure to extend from the maximum pressure Pmax to minimum pressure Pmin at the speed 
10 corresponding to time tg. The pressure buffering apparatus 1 8 is operated only for time t 7 while delayed by time t 6 after 
the pressure application apparatus 16 is operated so as to release the blocking of the tube 50C. 
[0129] When the control of a pressure is started, a pressure is increased from a pressure close to zero pressure to 
the maximum pressure Pmax. At this time, the pressure buffering apparatus 18 is moved to a blocking position at the 
maximum speed while operating the pressure application apparatus 16 upon elapse of time tg, and a pressure appli- 
es cation is performed for time tg until it reaches the maximum pressure Pmax at the speed corresponding to time t 3 . 
[01 30] The culture medium supply apparatus 6 operates for time t 12 upon elapse of time t^ after holding the minimum 
pressure Pmin so as to supply the culture medium 3 to the culture chamber 20. It is possible to arbitrarily set the amount 
of supply of medium by changing the time t 12 . 

[0131] The medium supply piston 132 is moved backward for time t 14 substantially equal to time t 12 upon elapse of 
20 the time t 13 after the supply of medium. In this example, the medium supply is performed for the holding time t 2 of the 
minimum pressure Pmin, but it can be performed for a period of holding time tj of the maximum pressure Pmax or for 
a period of pressure increasing and decreasing time tg. 

[0132] Figs. 13 (a) to 13 (d) show the manner of execution of another culture mode at a variable pressure to be 
executed in step S3 in Fig. 6, namely, Fig. 13 (a) shows a state of pressure applied to the culture chamber 20 and 
25 Figs. 13 (b)to 13 (d) show pressure application timings. That is : Fig. 13 (a) shows the change or variation in pressure, 
Fig. 13 (b) shows an operation timing of the pressure buffering apparatus 1 8, Fig. 13 (c) shows a pressure application 
timing of the pressure application apparatus 16, and Fig. 13 (d) shows a medium supply timing of the culture medium 
supply apparatus 6. 

[0133] In this example, a pressure pattern is obtained by controlling the variation in pressure by varying a pressure 
30 increasing speed and pressure decreasing speed in quadratic function for pressure increasing/decreasing time t 3 and 
the pressure pattern is outputted, so that the pressure pattern applied to cartilage of knees when walking is reproduced 
because the variation in pressure is controlled. In this case, the pressure application apparatus 16 is varied in an 
operation speed as shown in Fig. 13(C) for times t 15 , t 16 , t 17 , and the control of the variation in pressure is added to 
the pressure application force for time t 3 . The other operations are the same as those shown in Fig. 1 2, and hence the 
35 explanation thereof is omitted. 

[0134] A method of and apparatus for cultivating a cell or tissue according to a second embodiment of the invention 
is described with reference to Figs. 1 4 to 21 , wherein Fig. 14 is a front view of the construction of a culture apparatus, 
Fig. 1 5 is a side view of the construction of a culture apparatus, Fig. 1 6 shows a main portion of the culture apparatus. 
Fig. 1 7 shows a culture circuit unit 4, Fig. 1 8 shows a main portion of the culture apparatus excluding the culture circuit 
40 unit 4, Fig. 19 shows a pressure application apparatus 1 6, Fig. 20 shows a culture medium supply apparatus 6, and 
Fig. 21 shows a pressure buffering apparatus 18. Components which are the same as those in the first embodiment 
are denoted by the same reference numerals. 

[0135] The culture apparatus is structured by a single housing 260. The housing 260 is partitioned into a culture 
chamber 262, a machine chamber 264, and a control/power supply chamber 266. A culture box 42 is accommodated 
45 jn the culture chamber 262, and it has the same construction as that of the first embodiment except that the culture 
medium supply apparatus 6, a pressure application apparatus 16, the pressure buffering apparatus 18, and so forth 
are structure by a single processing portion 268. 

[01 36] Doors 270, 272 which are independently opened or shut are provided respectively in the culture chamber 262 
and machine chamber 264. A water tank for pressurizing 68 is accommodated in the machine chamber 264 together 

50 with the driving mechanism portions of the culture medium supply apparatus 6 ; pressure application apparatus 1 6 and 
pressure buffering apparatus 18, wherein each of the actuators 120, 138, 156 is supported by the machine chamber 
264 at the back side thereof with a common fixing plate 269 as shown in Fig. 1 5. A water supply port 274 and a water 
discharge port 276 are respectively provided on a wall surface of the machine chamber 264. A control apparatus 40 
and a powersupply apparatus are accommodated in the control/power supply chamber 266 and an indication apparatus 

55 232 and a power supply switch 278 are provided on the front panel side of the control/power supply chamber 266. 
[0137] As shown in Fig. 16, the culture box 42 is accommodated in the culture chamber 262, and the culture circuit 
unit 4 and the processing portion 268 are accommodated in the culture box 42. A processing unit 280 is detachabty 
provided in the processing portion 268 at the culture circuit unit 4 side as shown in Figs. 17 and 18. 
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[0138] Fig. 19 shows the pressure application apparatus 16 including a culture vessel 61 and a pressure vessel 22 
constituting a culture chamber 20. In this case, an actuator 120 of the pressure application apparatus 16 comprises a 
housing 282 to which a ball screw 284 is attached, and a motor 122 coupled to the rear end of the ball screw 284 by 
a coupling joint 286. A movable bed 288 that is moved back and forth by the rotation of the ball screw 284 is provided 

5 on the ball screw 284, and two pressure application springs 118A, 118B which are overlapped with each other are 
provided between the movable bed 288 and a support flange 290 provided at the front end portion of the ball screw 
284. That is, the two pressure application springs 11 8A, 1 18B are varied in compression state by the movable bed 288 
that is moved in response to the rotation of the ball screw 284 so that elasticity of the two pressure application springs 
118A, 118B acts on the pressure application piston 116 side. The actuator 120 may be formed of a belt or cam or the 

10 like instead of the ball screw 284. 

[0139] Fig. 20 shows the culture medium supply apparatus 6. The actuator 138 comprises a housing 291 to which 
a ball screw 292 is attached and a motor 140 is coupled to the rear end portion of the ball screw 292 by a coupling 
joint 294. A movable bed 296 that is moved back and forth by the rotation of the ball screw 292 is provided on the ball 
screw 292, and the front surface of a piston pressing board 298 attached to the movable bed 296 contacts the rear 

15 end of a medium supply piston 132. That is, when the movable bed 296 that is moved in response to the rotation of 
the ball screw 292 caused by the motor 140 moves forward to compress the pressure application spring 136, the 
medium supply piston 1 32 moves forward so that the movable bed 296 is moved backward. As a result, the compression 
of the pressure application spring 136 is released and the medium supply piston 132 moves backward by a restoring 
force of the pressure application spring 136. The culture medium 3 can be supplied when the medium supply piston 

20 1 32 moves back and forth. 

[0140] Fig. 21 shows the pressure buffering apparatus 18. In this case, the actuator 156 of the pressure buffering 
apparatus 18 comprises a housing 300 to which a ball screw 302 is attached, a motor 158 coupled to the rear end 
portion of the ball screw 302 by a coupling joint 304. A movable bed 306 that is moved back and forth by the rotation 
of the ball screw 302 is provided on the ball screw 302, and a plunger pressing board 308 is attached to the movable 

25 bed 306 by way of buffer springs 154A, 154B which are overlapped with each other and the rear end of the plunger 
1 52 of a pressure relief valve 26 contacts the front surface of the plunger pressing board 308. That is, when the movable 
bed 306 that is moved in response to the rotation of the ball screw 302 caused by the motor 158 is moved forward, 
the plunger pressing board 308 moves forward together with the buffer spring 154A, 154B so that the buffer spring 
154A, 154B are varied in compression state. That is, a valve body 150 is pressed by way of the buffer springs 154A, 

30 1 54B which are in compression state so that the pressure relief valve 26 is held in a blocked state. This holding state 
is varied in response to the rotation of the ball screw 302 and a compression state of the buffer springs 154A, 154B 
accompanied by the rotation of the ball screw 302. 

[0141] Fig. 22 shows a modification of the culture medium supply apparatus 6. Although the pressure application 
spring 136 is provided on the medium supply piston 132 in the culture medium supply apparatus 6 shown in Figs. 2, 
35 3 and 14, it may be possible to attach a connecting shaft 310 to the movable bed 296 that is moved by the ball screw 
292 of the actuator 138 while omitting the pressure application spring 136, and the rear end of the medium supply 
piston 132 is coupled to the tip end of the coupling shaft 31 0 by way of fixing means such as a fixing pin 312. Even 
with such a construction, the medium supply piston 132 can be moved back and forth by the normal or reverse rotation 
of the ball screw 292. 

40 [01 42] A method of and apparatus for cultivating a cell or tissue according to a third embodiment of the invention is 
described with reference to Fig. 23. Components which are the same as those in the first and second embodiments 
are denoted by the same reference numerals. 

[01 43] In the third embodiment, pressurized air from a compressor, not shown is forced to act on the interior of the 
pressure chamber 60 formed of a pressure vessel 22 of a pressure application apparatus 16 as indicated by an arrow 

45 Pr through a conduit 67 on which a pressure regulator 314, a pressure-increasing valve 316 and a needle valve 318 
are provided, so that the pressurized air in the pressure chamber 60 is discharged through a collection conduit 102 
having a needle valve 320 and a pressure-decreasing valve 322. A valve 323 that is closable by the rotation of an 
actuator 321 may be provided at the tube 50D side instead of the valve 1 1 (Fig. 1 ) or pinch valve 1 62 (Fig. 2). Pressure 
application stimulation can be applied to the cell 5 by performing an operation to intermittently block the valve 323 or 

so an operation to apply a pressure to the pressure transmitting film 64 while the pressurized air acts on the pressure 
transmitting film 64. In this case, the pressure application stimulation can be varied by controlling the pressure-increas- 
ing valve 316 and pressure-decreasing valve 322 to be opened and shut. If such pressurized air is employed, the 
amount of variation in pressure every amount of motion per unit is made small at a low pressure while the amount of 
variation in pressure every amount of motion per unit is made large at a high pressure, so that unnecessary vibration 

55 generated by a motor, an actuator and so forth can be absorbed when a pressure is applied to a cell or tissue, thereby 
enhancing the accuracy of pressure application stimulation to be applied to the cell or tissue. 
[0144] A method of and apparatus for cultivating a cell or tissue according to a fourth embodiment of the invention 
is described with reference to Figs. 24 and 25. Components which are the same as those in the first to third embodiments 
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are denoted by the same reference numerals. 

[0145] A cell 5 to be cultivated is transplanted in a scaffold 7 formed of a collagen or the like, and it is stored in a 
culture chamber 20 every scaffold 7. A culture medium 3 is supplied from a culture medium tank 49 to the culture 
chamber 20 thorough a culture circuit unit 4. The culture circuit unit 4 forms a closed circuit, and a pump 324 serving 
5 as the medium supply apparatus 12, a pressure sensor 326 and a pressure buffering apparatus 18 are provided on 
the culture circuit unit 4. A pressure detected by the pressure sensor 326 is applied to a pressure controller 328, and 
a control output corresponding to the detected pressure Is applied to the pump 324 from the pressure controller 328. 
That is, a pressure P of the culture medium 3 is controlled to have a fixed value. 

[0146] The pressure buffering apparatus 18 comprises an actuator 156 attached to a plunger 152 of a valve body 
w 1 50 of a pressure relief valve 26 which is inserted into a part of the culture circuit unit 4 by way of a buffer spring 1 54 : 
and a motor 158 coupled to the actuator 156. The rotation of the motor 158, namely : a normal rotation, a reverse 
rotation, a stop of rotation and an rpm are controlled by a control apparatus 40. That is, the rotation of the motor 158 
is transmitted to a ball screw 302, and a movable bed 306 is moved back and forth in response to the direction of 
rotation of the ball screw 302. Since a motion of the movable bed 306 is transmitted to the plunger 152 of the valve 
15 body 150 by way of the buffer spring 154, a force to shut the valve body 150 is set by a position of the movable bed 
306 and a compression force of the buffer spring 154. When a pressure of the culture medium 3 caused by the pump 
324 exceeds a force to shut the valve body 150, the valve body 150 is opened so that the culture medium 3 passes 
through the pressure relief valve 26. 

[0147] An air conduit 330 through which a gas such as oxygen or carbon dioxide is taken is provided in the culture 

20 medium tank 49, and a filter 332 for preventing the entrance of bacteria, a foreign matter and so forth is provided on 
the air conduit 330. That is, oxygen or carbon dioxide that is taken in the culture medium tank 49 through the air conduit 
330 is transmitted to the cell 5 inside the culture chamber 20 together with the culture medium 3. 
[0148] With such a construction, when the pump 324 is driven, the culture medium 3 is supplied to the culture circuit 
unit 4 and flows in the culture chamber 20 so as to supply nutrition and a gas such as oxygen or carbon dioxide that 

25 are needed for the cell 5. When the pressure buffering apparatus 1 8 is driven, the culture circuit unit 4 is blocked so 
that a pressure inside the culture chamber 20 is increased by a pressure applied from the pump 324 to the culture 
medium 3. A buffering force of the pressure buffering apparatus 1 8, namely, an arbitrary pressure valu e that is balanced 
with a pressure applied from the pump 324 can be obtained by controlling a force for shutting the valve body 150. 
[0149] Fig. 25 shows a pressure application operation. When the pressure buffering apparatus 1 8 is operated peri- 

30 odically, the maximum pressure Pmax and the minimum pressure Pmin can be alternately applied to the cell 5. That 
is : in the cell 5, the maximum pressure Pmax is set for time ti, the minimum pressure Pmin is set for time t 2 , and also 
pressure-increase time t 3 and pressure-decrease time t 3 are set so that the circulation of the culture medium 3 under 
pressure is achieved like a living body and a growth environment is achieved like the living body. When an operation 
speed of the pressure buffering apparatus 1 8 is controlled, time t 1( tg, t 3 can be arbitrarily controlled, thereby achieving 

35 an optimal state corresponding to the characteristic of the cell 5 to be cultivated or the living body at a specific position. 
The method of and apparatus for cultivating a cell or tissue according to the invention can obtain the following effects. 

a. It is possible to cultivate a cell or tissue under an environment mimicking the living body without being contam- 
inated, and possible to cultivate the eel! or tissue which is close to a tissue in a living body and easily fusible with 

40 a tissue in a living body. 

b. It is possible to realize the culture of a cell or tissue which is ideal and practical, corresponding to specific position 
of a living body to be restored, namely, close to a tissue in a living body and is easily fusible with a tissue in a living 
body by holding a cell or tissue of a living body at a specific culture position setting the cell or tissue under an 
environment mimicking the living body, supplying continuously or intermittently a culture medium to the cell or 

45 tissue, and applying a pressure which is varied continuously, a pressure which is varied intermittently or a pressure 

which is varied periodically to the cell or tissue. 

c. It is possible to cultivate a cell or tissue efficiently in a extremely stabilized state by holding a cell or tissue to be 
cultivated in a suspending or non-suspending state in the culture medium. 

d. It is possible to enhance the culture of a cell or tissue by holding a cell or tissue in a suspending state in the 
so culture medium by a hydro-gel or a scaffold. 

e. It is possible to perform an efficient culture or cultivate the cell or tissue having high quality because the culture 
medium comprises one of amino acids of various types, saccharides, salts and protein, or not less than two of 
materials selected therefrom or ail of these materials. 

f. It is possible to cultivate a cell or tissue which is easily fusible with a tissue in a living body because physiological 
55 conditions of the living body at a specific position, an age, a height, a weight, a sex of the living body and other 

information inherent in the living body in addition to the physiological conditions. 

g. It is possible to realize the control of an environment close to a living body, and possible to contribute to the 
culture of a cell or tissue which is close to a tissue in a living body and is easily fusible with a tissue in the living 
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INDUSTRIAL APPLICABILITY 

'5 

Claims 

1 A method of cultivating a cell or tissue comprising: 

tissue at the culture position. 
25 2. A method of cultivating a cell or tissue comprising: 

ro „mer,t mimicklna the living body, sopplyrng " '™7'"*,(L us ly « pressure «hich Is varied 

the culture position. 

35 medium. 

cu,t U re or a sponge or a scaffold for absorbing the cel. or tissue when ,t grows. 

The method of cultivating a cell or tissue according to Claim 1 or 2, wherein the culture medium comprises one or 
lot iShan to of amino acids of various types, saccharides, salts and prote.n. 

The method of cultivating a cel. or tissue according to C^.—^— 

body in addition to the physiological conditions of the living body. 

rioim 1 or 2 wherein the environment mimicking the living 

ixxifssTX vzzz r: a — rr^ve^^r.^re 

medium, a temperature and a humidity. 

™rrrer=^ 

periodically or a pressure combining these pressures. 
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10. An apparatus for cultivating a cell or tissue comprising: 

a culture unit having a culture chamber containing therein a cell or tissue and supplying culture medium; 
pressure application means for applying a pressure to the cell or tissue in the culture chamber; and 
5 culture medium supply meansf or intermittently or continuously supplying the culture medium to the culture unit. 

1 1 . The apparatus for cultivating a cell ortissue according to Claim 10, further comprising control means for controlling 
the pressure application means or culture medium supply means. 

10 1 2. The apparatus for cultivating a cell or tissue according to Claim 1 0, wherein the pressure applied from the pressure 
application means to the cell or tissue can be arbitrarily set depending on the cell or tissue. 

1 3. The apparatus for cultivating a cell or tissue according to Claim 1 0, wherein the pressure applied from the pressure 
application means to the cell or tissue is a pressure which is varied intermittently, a pressure which is repeated 

15 every given time or a pressure which increases or decreases every given time. 

14. The apparatus for cultivating a cell ortissue according to Claim 1 0, wherein the culture unit is independent of and 
detached from a culture apparatus body 

20 15. The apparatus for cultivating a cell or tissue according to Claim 10, wherein the culture unit is accommodated in 
a hermetically sealed space that is intercepted from an open air. 

16. The apparatus for cultivating a cell or tissue according to Claim 10, further comprising gas absorption means 
capable of absorbing a nitrogen gas, an oxygen gas, a carbon dioxide gas. 

25 

17. The apparatus for cultivating a cell or tissue according to Claim 15, wherein the hermetically sealed space is filled 
with a nitrogen gas, an oxygen gas, a carbon dioxide gas. 

18. The apparatus for cultivating a cell ortissue according to Claim 10, further comprising a culture medium tank for 
30 storing therein the culture medium to be supplied to the culture unit. 

1 9. The apparatus forcultivating a cell ortissue according to Claim 1 0, wherein the culture chamber includes a pressure 
transmitting film for receiving a pressure from the outside. 

35 20. The apparatus for cultivating a cell or tissue according to Claim 10, wherein the culture unit includes pressure 
buffering means. 

21 . The apparatus for cultivating a cell or tissue according to Claim 1 0, further comprising a pressure chamber fixed 
to the culture chamber by way of a pressure transmitting film, and wherein a pressure is applied to the cell or tissue 

^0 in the culture chamber by allowing a hydraulic pressure, an oil pressure or an air pressure to act on the cell or 

tissue in the culture chamber 

22. The apparatus for cultivating a cell or tissue according to Claim 10, wherein the culture medium supply means 
comprises a medium supply chamber provided in the culture unit and a medium supply unit for pressuring the 

^5 culture medium that is taken in the medium supply chamber and supplying the pressurized culture medium. 

23. The apparatus for cultivating a cell or tissue according to Claim 10. wherein the culture unit includes a pressure 
relief valve, and wherein when a pressure of the culture medium exceeds a given pressure which is arbitrarily set 
to the pressure relief valve, said pressure relief valve is opened to decrease the pressure of the culture medium. 

50 

24. The apparatus for cultivating a cell or tissue according to Claim 1 5, wherein the hermetically sealed space includes 
heating means or humidifying means therein and is kept and controlled at a desired temperature or humidity by 
said heating means or humidifying means. 

55 25. The apparatus for cultivating a cell or tissue according to Claim 1 0, wherein the culture chamber in the culture unit 
includes a sound producing unit for applying a super-sound wave or the like sound wave. 

26. The apparatus forcultivating a cell ortissue according to Claim 15, further comprising control means for controlling 
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concentration of a gas to be supplied to the hermetically sealed space. 
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FIG. 3 
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